Effects of sonic booms and subsonic jet flyover noise on skeletal muscle tension and a paced tracing task by Peeler, D. J. et al.
C O N T R A C T O R  
R E P O R T  
-" 
, c  
i; 
. .  1 .  
,= 
EFFECTS OF SONIC BOOMS A N D  
.; SUBSONIC JET FLYOVER NOISE 
! ON SKELETAL  MUSCLE TENSION 
!. A N D  A PACED TRACING TASK 
i 
I' by Jerome S. Lukus, Donuld J. Peeler, and KurZ De Kryter 
9 Prepared by 
i STANFORD RESEARCH INSTITUTE 
3 Menlo Park, Calif. 
$ 
for Langley Research Center 
j 
J 
N A T I O N A L   A E R O N A U T I C S   A N D   S P A C E   A D M I N I S T R A T I O N  W A S H I N G T O N ,   D .  C. F E B R U A R Y  1970 
https://ntrs.nasa.gov/search.jsp?R=19700008779 2020-03-12T01:09:07+00:00Z
1- - 
I 
I NASA CR-1522 
TECH LIBRARY KAFR. NU 
EFFECTS OF SONIC BOOMS AND SUBSONIC JET FLYOVER 
NOISE  ON SKELETAL MUSCLE  TENSION AND A PACED TFWCING  TASK 
By Jerome S. Lukas, Donald J. Peeler, and Karl D. Kryter 
Distribution of this  report is provided  in  the  interest of 
information exchange. Responsibility for the contents 
resides  in  the  author  or  organization  that  prepared it. 
Prepared  unaer  Contract No. NAS 1-7592 by 
STANFORD  RESEARCH  INSTITUTE 
Menlo Park, Calif. 
for Langley Research  Center 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
For sale by the Clearinghouse for Federal Scientific and Technical Information 
Springfield, Virginia 22151 - Price $3.00 
I 

ABSTRACT 
Electrical  a c t i v i t y  i n  t h e  t r a p e z i u s  m u s c l e  of t h e  s h o u l d e r  i n  t w e l v e  
s u b j e c t s  was monitored  while  they were: (1) performing a paced  t rac ing  
t a s k  i n  t h e  p r e s e n c e  of occas iona l  s imula ted  indoor  sonic  booms of 
2.5 pounds per square  foot (as measured  outdoors),  (2) performing a paced 
t r a c i n g  t a s k  i n ' t h e  p r e s e n c e  of occas iona l  subson ic  jet f l y o v e r  n o i s e  of 
100 PNdB (pe rce ived  no i s ines s  in  dB) ,  (3) performing the t r a c i n g  task  under 
q u i e t  c o n d i t i o n s ,  (4) sea t ed  a t  rest i n  the  presence of occas iona l  simu- 
lated indoor  sonic  booms. A measure of t ime-on-track  during a paced trac- 
i n g  t a s k  was ob ta ined .  A group  of three s u b j e c t s  (males, 31 t o  44 yea r s  
of age) was tes ted  under  each of the f o u r  c o n d i t i o n s .  
Simulated sonic booms inc reased  the  e l e c t r o m y o g r a p h i c  a c t i v i t y  i n  
t h e  group who performed the  t r a c i n g  task  as w e l l  as i n  t h e  group who heard 
booms whi l e  s ea t ed  a t  res t ,  I n  a d d i t i o n ,  'the booms were found to degrade 
t r a c i n g  perf0rmanc.e  during the  f i v e  test se s s ions .  F lyove r  no i ses  d i d  
n o t  a f f e c t  t r a c i n g  p e r f o r m a n c e  n o r  r e s u l t  i n  e l e c t r o m y o g r a p h i c  r e s p o n s e s  
of t he  magnitude  found  as a r e s u l t  of t h e  son ic  booms.  The con t ro l  g roup ,  
which performed the t racing t a s k  w i t h o u t  any booms o r  f l y o v e r  n o i s e s ,  d i d  
no t  show any  s igni f icant  change  in  per formance  or change i n  muscle  tension 
throughout  four  test s e s s i o n s .  
The r e s u l t s  are cons idered  ten ta t ive  because  of  t he  small number of 
s u b j e c t s  i n v o l v e d  i n  the tests.  I t  is  a l s o  t o  be noted t h a t  v i b r a t i o n  of 
t h e  s u b j e c t  or  the  t r a c i n g  a p p a r a t u s  as a direct  r e s u l t  of the  s imulated 
boom, r a t h e r  t h a n  i t s  a u d i b l e  e f f e c t ,  is perhaps a s i g n i f i c a n t  f a c t o r  i n  
the r e s u l t s  o b t a i n e d .  
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EFFECTS OF  SONIC  BOOMS AND SUBSONIC JET FLYOVER  NOISE ON 
SKELETAL  MUSCLE  TENSION AND A PACED  TRACING  TASK 
By J. S. Lukas, D. J. Peeler, and K.  D. Kryter 
Stanford Research I n s t i t u t e  
I INTRODUCTION 
A. Background 
An ear l ier  s t u d y  of c o l l e g e  s t u d e n t s  ( R e f .  1) showed t h a t  a r a p i d  
b u t  b r i e f  increase i n  a c t i v i t y  of the  t r apez ius  musc le  occur red  in  re- 
sponse t o  s imula t ed   son ic  booms. A f t e r  36 s t imula t ions   the   ampl i tude   o f  
t h e  e l e c t r o m y o g r a p h i c  a c t i v i t y  was reduced relat ive t o  i t s  i n i t i a l  l e v e l s ,  
b u t  n o t  t o  t h e  l e v e l  o f  a control  group which had not been s t i m u l a t e d  by 
booms. I n  a d d i t i o n ,  when s o n i c  booms and the r e s u l t a n t  m u s c l e  a c t i v i t y  
o c c u r r e d  c o i n c i d e n t a l l y  w i t h  a c q u i s i t i o n  of s k i l l  on a s e l f -paced  t r ac ing  
t a sk ,  a t ta inment  of speed on the  t a s k  w a s  h inde red ,  bu t  t he  a t t a inmen t  of 
accuracy was f a c i l i t a t e d .  Exposure t o  son ic  booms b e f o r e  a c q u i s i t i o n  of 
s k i l l  o n  t h e  t a sk  d i d  n o t  h i n d e r  t h e  a t t a i n m e n t  of normal  t racking speed 
b u t  d i d  h i n d e r  t h e  a t ta inment  of accuracy.  
The exact meaning and significance of t h e s e  r e s u l t s  is  n o t  c l e a r .  
The r e s u l t s  o b t a i n e d  b y  o t h e r  i n v e s t i g a t o r s  are a l s o  n o t  p a r t i c u l a r l y  
h e l p f u l  i n  u n d e r s t a n d i n g  the e f f e c t s  of n o i s e )  p a r t i c u l a r l y  i m p u l s i v e ,  
upon  psychomotor task  performance.  In some exper iments ,  most of  which 
involved young a d u l t s  as s u b j e c t s  and mental or motor t a sks  fo r  wh ich  the 
sub jec t s  t hemse lves  set the pace a t  which  the  tasks were per formed,  the  
g e n e r a l  effect of t he  n o i s e  w a s  n e g l i g i b l e  or  w a s  t o  i n c r e a s e  t h e  number 
of errors made and also t o  i n c r e a s e  t h e  amount of work accomplished 
(Refs, 2 ,  3, 4 ,  5 ,  6 ) .  Data obtained  by  Teichner  e t  a l .  ( R e f .  7 )  i nd ica t ed  
t h a t ,  a t  least wh i l e  l ea rn ing  a v i s u a l  d i s c r i m i n a t i o n  t a s k ,  a sudden change 
in t he  no i se  env i ronmen t ,  ei ther an  inc rease  or decrease i n  l e v e l ,  had a 
s i g n i f i c a n t  d e p r e s s i n g  e f f e c t  upon the ra te  at which  the  t a sk  was learned .  
I t  would appear  l ikely from a cons ide ra t ion  of these  p rev ious  s tud ie s  
t h a t  t h e  s o n i c  b o o m  might have the  most n e g a t i v e  e f f e c t s ,  i f  i t  has any,  
upon t h e  a c q u i s i t i o n  and performance of a paced t a s k  t h a t  r e q u i r e s  a high  
degree  of v isua l -hand coord ina t ion .  Accord ingly ,  t he  tests t o  be de- 
scribed b e l o w  were designe'd as a p i l o t  s t u d y  t o  f u r t h e r  e x p l o r e  t h e  
performance and s k e l e t a l  m u s c u l a r  a c t i v i t y  o f  a s u b j e c t  while  performing 
such a task.  Data  were recorded a s  a func t ion  o f  exposure  to  a son ic  boom 
and t o  a less-sudden noise  ( the  f lyover  noise  f rom a subsonic  j e t  a i r -  
c r a f t ) .  
B. Objec t ives  
The o b j e c t i v e s  of the  s t u d y  were t o  d e t e r m i n e :  
1. The e x t e n t  and d u r a t i o n  of t h e  ske le t a l  musc le  r e sponse  to  son ic  
booms and s u b s o n i c  j e t  a i r c r a f t  n o i s e  i n  people  o ther  than  
c o l l e g e  s t u d e n t s .  
2 .  The e f f e c t s  of s imula ted   sonic  booms and s u b s o n i c  j e t  a i r c r a f t  
no i se  on a paced- t r ac ing  t a sks .  
2 
I1 MEX”THD 
A. Sub jec t s  
h¶a le ,  p rofess iona l  and technical labora tory  personnel ,  aged  31 to  
44 yea r s  were s u b j e c t s .  A l l  had normal  hear ing,  and were f r e e  o f  p h y s i c a l  
d i s a b i l i t i e s  w h i c h  m i g h t  affect the experimental  results. 
B. S t imul i  
Sonic booms, genera ted  by a s imula to r  described i n  de ta i l  i n  Ref. 1, 
had a n  i n t e n s i t y  of about 2.5 psf (as measured  outdoors),  a d u r a t i o n  of 
about 270 m s ,  and an e f f e c t i v e  rise time of about 10 m s .  
The second test n o i s e  was an indoor  recording of  the noise  f rom a 
KC135B jet a i r c r a f t  f l y i n g  d i r e c t l y  o v e r  a t y p i c a l  house at about a 500 
foot a l t i t u d e ,  It was p r e s e n t e d ,   a f t e r   a p p r o p r i a t e   a t t e n u a t i o n ,   t h r o u g h  
a h i g h  f i d e l i t y  l o u d s p e a k e r  d i r e c t l y  above the s u b j e c t s ’  heads. The f l y -  
ove r  no i se  had an  in t ens i ty  o f  100 PNdB a s  measured i n  the test room, and 
a dura t ion  of  5.0 seconds.  The i n t e n s i t y  o f  the f lyove r  no i se  inc reased  
a t  a rate of about 20 dB per second f o r  a b o u t  2.5 seconds and decreased 
i n  i n t e n s i t y  a t  the same rate. Tape loops  made from the o r i g i n a l  record- 
ing  o f  f lyove r  no i se  were placed on a tape loop play-back device,  which 
was c o n t r o l l e d  by sens ing  a t r a n s l u c e n t  p o r t i o n  of t h e  tape loop.  This  
technique  assured that  a f l y o v e r  n o i s e  of g iven  du ra t ion  and i n t e n s i t y  
would be p r e s e n t e d  t o  the subjects e x a c t l y  as r equ i r ed .  
C ,  Apparatus 
The t r a c i n g  a p p a r a t u s  was d e s i g n e d  t o  s imula t e  tasks r e q u i r i n g  f i n e  
eye-hand coord ina t ion ;  it i s  described i n  greater d e t a i l  i n  R e f .  1. For 
the purposes  of  t h i s  s tudy  the appara tus  was modified so t h a t  the subject’s 
movement about the  outermost group of tracks (see Figure 1) was paced by 
l i gh t s  wh ich  appea red  in  sequence ,  once  eve ry  f ive  seconds ,  i n  each  of 
the  co rne r s  o f  the .board. The subject began the  task with h i s  s t y l u s  
on t h e  start l i n e  shown i n  F i g u r e  1. When the l i g h t s  i n  q u a d r a n t  1 were 
turned on he was. i n s t r u c t e d  t o  move along the des igna ted  t r ack  a t  a rate 
such that  when t h e  l i gh t s  i n  q u a d r a n t  2 tu rned  on f ive  seconds  la ter  
(s imultaneously the l i g h t s  i n  q u a d r a n t  1 were ext inguished)  h i s  s t y l u s  
3 
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was t o  be a t  po in t  1. Without s t o p  he  was t o  move through quadrant  2 ,  
so t h a t  5 seconds la ter ,  t h a t  is when the l i g h t s  i n  q u a d r a n t  3 were turned  
on, he  would  be a t  poin t  2 ,  and so on about  the  board  unt i l  he  re turned  
t o  t h e  start l i n e .  There  he would wait u n t i l  the  l ights i n  q u a d r a n t  1 
were turned on , a t  which time he was t o  move about  the board again,  as 
ind ica t ed  above .  I f  fo r  some reason  the  sub jec t  was  ahead of the  pace ,  
he was i n s t r u c t e d  t o  h o l d  h i s  s t y l u s  above t h e  p o i n t  and wa i t  fo r  t h e  
l i g h t  i n  the  next  quadrant .  I f  he was behind the pace,  he was t o l d  t o  
l i f t   h i s   s t y l u s  and move r a p i d l y  t o  t h e  a p p r o p r i a t e  p o i n t  and beg in  t r ac -  
i n g  f r o m  t h a t  p o i n t .  
Once around  the  board was c a l l e d  a trial. Trials of  twenty  seconds 
each were sepa ra t ed  by rest per iods of  about  f ive seconds,  and e i g h t  
trials c o n s t i t u t e d  a run.  Runs were d i v i d e d  by rest pe r iods  of 2 or 3 
minutes, and a se s s ion  cons i s t ed  of e i g h t  runs .  On any day the subjects  
were t e s t e d  d u r i n g  a s ingle  sess ion  of  about  50 minutes  dura t ion .  
D. Resnonse  Measures 
Time-on-track (TOT) was the performance measure obta ined .  It  was 
recorded by means of two d ig i t a l  coun te r s  w i th  accu rac i e s  of f 1 m s .  
Booms were scheduled  to  occur  when t h e  s u b j e c t  was a t  or near  the  midpoin t  
(i .e., the corners)  of  any quadrant  ; the two coun te r s  mere used t o  measure 
time-on-track (TOT) before  and a f t e r  t h e  boom. 
I t  was a n t i c i p a t e d  t h a t  t h e  e f f e c t s  of  booms, being of about 0.27 sec- 
ond d u r a t i o n ,  were l i k e l y   t o  be confined t o  performance during the half-  
quadrant (see Figure 1) immediately fol lowing the boom, b u t  t h e  e f f e c t s  
of the  f lyover  noises ,  be ing  of  about  5.0 seconds  dura t ion ,  were l i k e l y  
t o  be  seen  throughout  the  quadrant  co inc identa l  with t h e  f l y o v e r .  Ac- 
c o r d i n g l y ,  t h e  e f f e c t s  o f  bo,oms on t h e  t r a c i n g  t a s k  were assessed  by com- 
p a r i n g  t h e  sum of times-on-track (TOT) of the  ha l f  quadrant  dur ing  which  
t h e  boom occurred  wi th  (1) t h e  sum of TOT o b t a i n e d  f o r  t h a t  half quadrant  
dur ing  a c o n t r o l  s e s s i o n  ( t o  be la ter  i d e n t i f i e d  as E l), or  (2) t h e  sum 
obtained on a comparable  ha l f  quadrant  of  the  run  in  ques t ion  but  dur ing  
t h e  t r a c i n g  of which  no boom occur red .  S imi l a r ly ,  t he  e f f ec t s  o f  t he  f ly -  
ove r  no i se  were assessed by comparing the sum of  the TOT's o f  the  two 
halves  of  the quadrant  during which f lyover  noise  occurred with (1) t h e  
sum of TOT's o b t a i n e d  f o r  t h o s e  two ha lves  du r ing  se s s ion  E 1, or (2) the 
sum obtained on a comparable two h a l v e s  d u r i n g  t h e  r u n  i n  q u e s t i o n  b u t  
d u r i n g  t h e  t r a c i n g  of which no f lyover  noise  occurred.  
That t racing performance was approximately equal  on the t w o  ha lves  
of the  quadran t s  i s  shown i n  Table I .  The data i n  Table I were obta ined  
when the s u b j e c t s  were not exposed t o  booms o r  f l y o v e r  n o i s e .  
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Table I 
NUhTBER A.ND PERCENTAGE OF TRIALS I N  WHICH TIME-ON-TRACK OF  DIFFERENT 
DURATIONS \YERE OBTAINED FOR THE FIRST AND SECOND HALVES OF  OUR QUADRANTS 
(No Sonic Booms or  Flyover  Noises Were Present )  
X = 6.327, 3 df (degrees of freedom) , 0.10 > p > 0.05, N. S. (not  s ig-  2 
n i f  icant) 
* The t r u n c a t e d  d i s t r i b u t i o n  of times-on-track precluded use  of para- 
metric statistics. Consequent ly ,   the   range of possible times-on-track 
was d i v i d e d  i n t o  the i n t e r v a l s  shown, and the frequency of measures 
(times-on-track) i n  e a c h  i n t e r v a l  was t a l l i e d  t o  d e v e l o p  t h i s  and t h e  
tables which follow. 
E. Comparabili ty of Groups 
The numbers and percentages of occurrences of TOT'S i n  t h e  d i f f e r e n t  
i n t e r v a l s  l i s t e d  i n  T a b l e  I1 show t h a t  t h e  f o u r  groups of  subjects  were 
approximately equal  t o  e a c h  o t h e r ,  on t he  ave rage ,  w i th  respect t o  per- 
formance on t h e  t r a c i n g  t a s k .  The r e l e v a n t  TOT fo r  group 4 is for  f u l l  
quadran t s  r a the r  than ha lves  and,  t h e r e f o r e ,  t he  i n t e r v a l s  f o r  g r o u p  4 
have twice the dura t ion  of tha t  used  fo r  scoring the performance of 
groups 1, 2 ,  and 3. As w i l l  be outlined below, groups 1, 2, and 3 were 
used i n  eva lua t ing  the effects of booms, and group 4 t h e  effects of f l y -  
ove r  noise. (See scoring procedures  descr ibed i n  Section D above.) 
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Table I1 
NUMBER AND PERCENTAGE  OF TRIALS I N  WHICH DIFFERENT  DURATIONS  OF 
TIME-ON-TRACK WERE OBTAINED  DURING THE SECOND  HALVES OF FOUR  QUADRANTS 
FOR  GROUPS 1,  2, AND 3 AND DURING  FULL  QUADRANTS  FOR  GROUP 4 
(No Sonic Booms o r  Flyover  Noises Were Presen t )  
Group -
1 
2 
P 
3 
4 
Yumber (N) 
and Percent  
N 
% 
N 
% 
N 
% 
N 
% 
Tim€ 
2.5 - 2.26 
41 
(43.2) 
87 
(45.3) 
~ ~~ 
78 
(40.6) 
5.0 - 4.51 
39 
(40.6) 
X = 14.949, 9 d f ,  N.S. 
2 
F. Muscle  Ac t ion   Po ten t i a l s  
on-Track Int t  
2.25 - 1.76 
36 
(37.9) 
84 
(43  .8) 
~- ~ 
76 
(39.6) 
4.50 - 3.51 
47 
(49 .O) 
V a l  (seconds 
1.75 - 1.26 
16 
(16.8) 
16 
(8.3) 
36 
(18.8) 
3.50 - 2.51 
10 
(10.4) 
1.25 - 0.75 
2 
(2 .I) 
5 
(2.6) 
2 
(1 .o 
2.50 - 1.50 
0 
(0 .o> 
Bipolar  e lec t romyographic  (EMG) a c t i v i t y  i n  t h e  t r a p e z i u s  m u s c l e  was 
recorded on a Honeywell V i s i co rde r .  The t r a p e z i u s  m u s c l e ,  which i s  loca ted  
i n  t h e  s h o u l d e r ,  w a s  used i n  order t o  minimize "cross t a l k "  f o u n d  i n  mus- 
cles in  the  non-ac t ive  fo rea rm homologous t o  t h o s e  i n  t h e  arm used f o r  
t r a c i n g ,  and t h e  c o n t r a l a t e r a l  t r a p e z i u s  was used t o  e l i m i n a t e  a r t i f a c t s  
due t o  movement of t h e  arm and  shoulder  used i n  t h e  t a s k .  I n  f a c t ,  t o  
minimize movement i n  t h e  non-used arm and s h o u l d e r ,  t h a t  arm r e s t e d  on a 
rubber  pad  and t h e  e lec t r ica l  l e a d s  coming f r o m  t h a t  s h o u l d e r  were taped 
t o  t h e  s u b j e c t ' s  w r i s t .  The  raw EMG s i g n a l  was integrated over  one-half  
second i n t e r v a l s  and t h e  results recorded on t h e  Visicorder by a pu l se  
whose ampl i tude  was  propor t iona l  t o  the  ene rgy  gene ra t ed  by t h e  muscle 
d u r i n g  t h e  i n t e r v a l .  
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G .  Procedure 
Five sessions of about one hour each w e r e  devoted t o  t r a i n i n g  of 
each of twelve s u b j e c t s .  D u r i n g  t h e s e  t r a i n i n g  s e s s i o n s  o n e  of t h e  ex- 
perimentew was i n  the test room w i t h  t h e  s u b j e c t  m o n i t o r i n g  h i s  perfor- 
mance, and  p rov id ing  in s t ruc t ions  as described i n  C ,  above .  In  add i t ion ,  
d u r i n g  t h e  rest p e r i o d s ,  t h e  s u b j e c t  was -informed about h i s  performance 
w i t h  respect t o  TOT. Occas iona l ly  dur ing  t h e  exper imenta l  tests, the  
s u b j e c t s  were s imi l a r ly  mon i to red  t o  assure that  the i r  performance was 
up t o  s t anda rd .  
On the basis of the performance of the s u b j e c t s  d u r i n g  the  l a s t  t r a i n -  
i n g  s e s s i o n s ,  t h e  s u b j e c t s  were d i v i d e d  i n t o  f o u r  g r o u p s  such  t h a t  t he  
median TOT of t h e  f o u r  g r o u p s  were approximate ly  equal .  That the  matching 
procedure was e f f e c t i v e  is demonstrated by t h e  performance data  and the 
suppor t ing  ins igni f icant  Chi -square  (X2) p r e s e n t e d  i n  T a b l e  11, which 
compares the t ime-on-track (TOT) f r e q u e n c y  i n  4 s c o r i n g  i n t e r v a l s ,  ob- 
ta ined by t h e  fou r  g roups  on t h e  s i x t h  d a y  ( s e s s i o n  E 1) of t e s t i n g .  
The d a t a ,  i n  t he  table ,  are a random s e l e c t i o n  of TOTS--obtained during 
the second halves  of  t h e  quadrants  (group 1-3) or complete quadrants 
(group 4 ) ,  and correspond t o  p o r t i o n s  of the  quadrants  when the  effects 
of no i se  are a n t i c i p a t e d .  I t  should be noted t h a t  TOT of less than  about  
0.75 second, or 1.50 s e c o n d s  i n  the case of group 4 ,  was no t  ob ta ined ,  
e x c e p t  i n  rare i n s t a n c e s  of equipment malfunction when times of z e r o  ( 0 )  
were obtained.   These s p u r i o u s  data  were e l imina ted  from c o n s i d e r a t i o n ,  
and times of less than  0.75 second are n o t  i n c l u d e d  i n  the tables of t h i s  
report . 
The cond i t ions  fo r  t e s t i n g  t h e  f o u r  groups were: (1) Boom and 
Trac ing ,  (2) Tracing  Only,  (3) Boom Only,  and (4)  Flyover  Noise and  Trac- 
i n g .  After the  f i v e  t r a i n i n g  s e s s i o n s  data  t a k i n g  commenced; t he  groups 
were tested for a n  a d d i t i o n a l  f i v e  s e s s i o n s  u n d e r  the c o n d i t i o n s  i n d i c a t e d  
i n  T a b l e  111, 
Eight  s imula ted  sonic  booms and f l y o v e r s  were presented  dur ing  each 
of the r e q u i r e d  s e s s i o n s  (E 2, E 3, E 4 ,  and -E 5) . They were presented 
a t  random w i t h  the r e s t r i c t i o n s :  (1) tha t  for  any  group at least one 
s t imu lus  be p r e s e n t e d  i n  each of t h e  q u a d r a n t s ,  (2) t h a t  fo r  any  subjec t  
w i t h i n  a group t w o  s t imu l i  occu r  du r ing  t w o  success ive  quadran t s ,  and 
(3) t h a t  t w o  s t i m u l i  occur dur ing  t h e  rest periods between runs but t w o  
s t imu l i  shou ld  no t  occur  du r ing  the  same rest period. The order of stimu- 
l a t i o n  f o r  each s u b j e c t  for  each of the  s e s s i o n s  was d i f f e r e n t ,  w i t h  
counterbalancing between subjects  within a g r o u p ,  i n s o f a r  as poss ib l e .  
Counterbalancing was used t o  preclude possible b i a s e s  i n  t he  data d u e  t o  
s e v e r a l  s t i m u l i  o c c u r r i n g  d u r i n g  the first or l a s t  c i r c u i t s  of t h e  r u n s .  
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G r o u p  
1 
Boom + 
tracing 
task 
2 
Tracing 
task 
only 
3$ 
Boom 
only 
4 
Flyover 
+ trac- 
ing 
task 
Table I11 
EXPERIMENTAL DESIGN 
Training  Sessions 
1 2 
Tracing* 
EMGt 
Tracing 
EMG 
Tracing 
EMG 
Tracing 
EMG 
Tracing 
EMG 
Tracing 
EMG 
Tracing 
EMG 
Tracing 
EMG 
3 
Tracing 
EMG 
Tracing 
EMG 
Tracing 
EMG 
Tracing 
EMG 
4 
Tracing 
EMG 
Tracing 
EMG 
Tracing 
EMG 
Tracing 
EMG 
5 
Tracing 
EMG 
Tracing 
EMG 
Tracing 
EMG 
Tracing 
EMG 
1 E l  
Tracing 
EMG 
Tracing 
EMG 
Tracing 
EMG 
Tracing 
EMG 
Exwrimental Test  Sessions 
E 2  
Tracing 
EMG 
Booms$ 
Tracing 
EMG 
EMG 
Booms 
Tracing 
EMG 
Flyovers** 
E 3  
Tracing 
EMG 
Booms 
Tracing 
EMG 
EMG 
Booms 
Tracing 
EMG 
Flyovers 
E 4  
. ~- 
Tracing 
EMG 
Booms 
Tracing 
EMG 
EMG 
Booms 
Tracing 
EMG 
F1  yovers 
E 5  
Tracing 
EMG 
Booms 
Tracing 
EMG 
Booms 
EMG 
Booms 
Tracing 
EMG 
Flyoverr 
* Time on track  performance  measure. 
Electromyographic  activity-measure of startle"  response. 11 * Boom  intensity = 2.5 psf , duration = 270 ms, effective  rise  time = 10 ms, as  measured  outdoors, 
$ During  sessions E 2 ,  E 3 ,  E 4 ,  and E 5, Group 3 read  light  materials  such  as  newspapers  and  magazines. 
** Flyover  intensity = 125 PNdB, duration = 5 seconds,  as  measured  outdoors. 
To be sure, the  subjects  were not  told  at  any time whether they  would 
be stimulated, but in order to maintain motivation, rhey were informed 
that  session 5 was the last of the training sessions. 
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111 RESULTS 
A. Electromyographic Response ~~ t o  Sonic Booms and Flyover Noise 
That more pronounced EYG s t a r t l e  r e s p o n s e s  were obta ined  t o  son ic  booms 
t h a n  f l y o v e r  noise is shown i n  F i g u r e  2. Because of d i f f e r e n c e s  i n  b a s e -  
l i n e  m u s c l e ,  t o n e  t h e  mean i n t e g r a t e d  m u s c u l a r  a c t i v i t y  l e v e l  f o r  e a c h  s u b -  
ject over  two one-half  second periods before and t w g  one-half second 
p e r i o d s  a f t e r  a n y  s t i m u l a t i o n  w a s  sub t r ac t ed  f rom the  mean l e v e l  o b t a i n e d  
d u r i n g  t h a t  s t i m u l a t i o n ,  and these indiv idua l  change  scores  were averaged 
t o  o b t a i n  t h e  mean d i f f e r e n c e  scores o f  t he  g roups .  Inc reases  in  muscu la r  
a c t i v i t y  were c o i n c i d e n t a l  w i th  the onse t  and d u r a t i o n  o f  t h e  s o n i c  booms 
(as ind ica t ed  by Vi s i co rde r  traces) and ,  i n so fa r  as t h e  output  of  the  mus- 
c u l a r  a c t i v i t y  i n t e g r a t o r  w a s  concerned, lasted a maximum of one second. 
Thus ,  fo r  booms, t h e  in tegra tor  ou tput  over  one  second (or t w o  pu lses )  w a s  
averaged t o  o b t a i n  a measure of muscular response during booms. With re- 
spect to  the  r e sponse  t o  f l y o v e r s ,  t h e  muscu la r  response w a s  no t  as clear 
c u t ,  s i n c e  t h e  r e s p o n s e s  d i d  n o t  occur w i t h  a r e g u l a r i t y  similar t o  t h a t  
found  fo r  booms, nor  were t h e  observed EMG changes  uni formly  co inc identa l  
w i t h  some amplitude o r  t i m e  aspect of t h e  f lyov= l -  trace. Thus ,  t h e  i n t e -  
g ra to r  ou tpu t  ove r  a f i v e  s e c o n d  i n t e r v a l ,  o r  t e n  p u l s e s  ( e q u a l  t o  t h e  
du ra t ion  of the f l y o v e r  n o i s e )  was averaged t o  o b t a i n  t h e  m u s c u l a r  response 
du r ing  f lyove r s .  
With respect t o  Figure 2 ,  it shou ld  be no ted  tha t  du r ing  se s s ion  E 1, 
before any s t i m u l i  were presented ,  t h e  responses  of t h e  four  groups  were 
similar, i . e . ,  t h e  f o u r  d a t a  p o i n t s  are spread over  a range of about one 
uni t .   Thereaf te r ,   however ,  the groups (1 and 3) who heard booms show a 
c o n t i n u i n g  i n c r e a s e  i n  musc le  t e n s i o n .  I n  c o n t r a s t ,  g r o u p s  2 and 4 main- 
t a i n e d  r e l a t i v e l y  c o n s t a n t  l e v e l s  o f  muscu la r  t ens ion  throughout  sess ions  
E 1 t o  E 4 ,  vary ing  a maximum of  about 0.6 un i t s  f rom ses s ion  E 1 l e v e l s .  
The l a r g e  i n c r e a s e  ( abou t  3.7 u n i t s )  i n  m u s c u l a r  t e n s i o n  o b s e r v e d  i n  
group 2 dur ing  se s s ion  E 5 r e l a t i v e  t o  t h e  l e v e l  o f  s e s s i o n  E 4 appears  
t o  be a t t r i b u t a b l e  t o  the  inc idence  o f  booms which were absent  pr . ior  t o  
se s s ion  E 5. However,  an e x p l a n a t i o n  f o r  t h e  2.8 u n i t  i n c r e a s e  shown f o r  
group 3 dur ing  se s s ion  E 5 r e l a t i v e  t o  the l e v e l  d u r i n g  s e s s i o n  E 4 is  no t  
r e a d i l y  a v a i l a b l e .  Between s e s s i o n s  E 1 and E 4 the muscular  responses  
of group 3 i n c r e a s e d  s l i g h t l y  more than  1 u n i t  and i n s o f a r  as s e s s i o n  E 3 
and 4 are concerned,  appeared to  have leveled of f .  Thus,  only a small 
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i n c r e a s e  i n  mus cu la r  response of about one-half  uni t  might have been 
expec ted  in  g roup  3 between sessions E 4 and E 5, not  t h e  2.8 u n i t s  ob- 
se rved .  
I n  l i n e  w i t h  the  f indings of  Davis ,  e t  a l .  ( R e f .  8, p 25), who re- 
por t  i nc reases  in  muscu la r  r e sponses  as b e i n g  p r o p o r t i o n a l  t o  base l i n e  
i n g  s e s s i o n  E 4 and E 5 were compared. I t  w a s  found t h a t  the mean base 
dur ing  se s s ion  E 5 (10.99 mm versus  8.44 mm) . C l e a r l y ,  the data presented 
here are a t  var iance  wi th  those of  Davis e t  a l . ,  ci ted above. 
7. 
lr, m u s c u l a r   p o t e n t i a l s ,  t h e  base l i n e   l e v e l s  of t h e  s u b j e c t s   i n  Group 3 dur -  
bj 
g if l i n e   p o t e n t i a l s  of Group 3 dur ing   s e s s ion  E 4 were higher than  tho'se 
S t a t i s t i c a l l y ,  the g roup  d i f f e rences  i l l u s t r a t ed  i n  F i g u r e  2 were 
fou& t o  be s i g n i f i c a n t ,  as is shown i n  the  ana lys i s  o f  va r i ance  summary 
p resen ted  in  Tab le  I V .  
Table I V  
SUMMARY  ANALYSIS OF VARIANCE OF ELECTROMYOGRAPHIC  RESPONSES 
TO NOISE DURING A PACED. TRACING TASK 
- I  Source- -of Variance 
Groups 
Sessions 
Groups x s e s s i o n  ( i n t e r a c t i o n )  
Errors (wi th in)  
Tot a1 
Mean Square 
Variance 
86.3134 
281.5899 
50.7159 
5.2658 
6.7968 
3 16.3914 
4 53.4754 
12 9.6312 
1218 
1237 1.2907 
Signif icancc 
p 2 0.01 
p < 0.01 
p < 0.01 
p < 0.01 
Changes i n  m u s c u l a r  a c t i v i t y  t o  b o o m s  and f lyove r s  occur r ing  du r ing  
the rest periods (shown i n  F i g u r e  3) are c o n s i s t e n t  w i t h  those observed 
du r ing  the performance periods, that  i s ,  the groups (1 and 3) s t i m u l a t e d  
by booms tended t o  have greater muscu la r  responses  than d i d  the  group (4) 
which heard the jet f l y o v e r  n o i s e  or t h e  group (2) which d i d  no t  hear any 
no i se  du r ing  se s s ion  E 1 t o  E 4.  In  F igu re  3, however, i t  should also be 
noted t h a t  groups 1, 2, and 4 showed muscu la r  r e sponses  o f  g rea t e r  va r i -  
a b i l i t y  t h a n  was t h e  case dur ing  the performance tr ials.  This d i f f e r e n c e  
is  a t t r i b u t a b l e  l a r g e l y  to the fac t  tha t  dur ing  the  rest per iods  there w a s  
13 
P 
Ly c 
UJ 
Y 
Y- 
0 2  
f 
1 
0 
I I I 
BOOM INTENSITY: 2.6 @ ~mrurod  outdoon) 
DURATION: 270 m 
EFFECTIVE RISE TIME: 10 m - 
GROW 1 
TRACING PLUS 
BOOMS: 
6 SESSIONS 
I I 
GROUP 3 
BOOMS ONLY: 
6 SESSIONS # 
9 
i 
\I:. / 
/ ’v ””” 
/ GROW 4 FLYOVERS  PLU 
TRACING: 
0 
0 6 SESslONIi 
I 
0 
E l  E2 E3 E4 E6 
SESSION 
FIGURE 3 NORMALIZED ELECTROMYOGRAPHIC RESPONSE IN TRAPEZIUS 
MUSCLE TO SIMULATED SONIC BOOMS AND JET FLYOVER NOISE 
WRING REST P E R W  
14 
more body movement due,  fo r  example, t o  s u b j e c t s  s h i f t i n g  i n  t h e i r  seats, 
s t r e t c h i n g ,  a n d  so fo r th ,  t han  du r ing  the  pe r fo rmance  pe r iods  when ac- 
t i v i t y  was conf ined  t o  t h e  t r a c i n g  t a s k .  I t  may also be t h a t  t h e  startle 
re sponses tobooms  dur ing  rest periods were accompanied by gross body move- 
ment.  Unfortunately the test room did  not  have  a viewing port n o r  d i d  
the  expe r imen te r  obse rve  t h e  s u b j e c t s  d i r e c t l y  d u r i n g  the  rest pe r iods  
which included booms, so tha t  evidence as t o  how much' body movement ac- 
companied t h e  booms i s  n o t  a v a i l a b l e .  
* ,  On t h e  basis of t h e  f i n d i n g s  of Davis,  e t  a l .  (Ref. 8 )  g r e a t e r  elec- 
t romyographic  responses  t o  s t i m u l i  are t o  be expected when muscular po- 
t e n t i a l s  are h i g h e r ,  t h a t  i s  when ex t raneous  movements may or are occurr -  
i n g .  C o n s i s t e n t  w i t h  t h i s  r e a s o n i n g ,  t h e  r e s p o n s e s  of group 3, who were 
unable  t o  d i s t ingu i sh  be tween  the  rest and performance periods but read 
throughout  t he  s e s s i o n ,  show t h e  same s lowly  increas ing  change  in  EMG re- 
sponse  leve l  be tween sess ions  E 1 and E 4 as w a s  seen during the "perform- 
ance" periods (see Figure  2 ) .  That the  v a r i a b i l i t y  of responses   dur ing  
t h e  rest per iod  is  probably due t o  t h e  ex t raneous  motor a c t i v i t y  that  oc- 
cu r red  du r ing  the  rest pe r iods  and not  exc lus ive ly  due  t o  booms is  also 
e v i d e n t  i n  t h e  r e s p o n s e s  of Group 2. Group 2, who heard no booms dur ing  
s e s s i o n s  E 1 and E 4, showed a range of about 2 u n i t s  i n  m u s c u l a r  a c t i v i t y  
d u r i n g  t h e  rest pe r iods  of t he  f i r s t  f o u r  s e s s i o n s  compared t o  a range of 
about  0.2 of a u n i t  d u r i n g  the  performance periods of t h e  same s e s s i o n s .  
The r e s u l t s  o f  t h e  s t a t i s t i c a l  a n a l y s i s  of the  data  i l l u s t r a t e d  i n  
Figure 3, are presented  as an A n a l y s i s  of Variance Summary i n  T a b l e  V.  
Table V 
SUMMARY ANALYSIS OF VARIANCE  OF THE ELECTROMYOGRAPHIC RESPONSES 
TO NOISE DURING THE REST  PERIODS 
Source of Variance 
Groups 
Sess ions  
Group x s e s s i o n  ( i n t e r a c t i o n )  
Error (within)  
To ta l  
Mean Square 
Variance 
37.2500 
118.7629 
26.1935 
5.7790 
7.9657 
3  6.4457 
4 20.5508 
12  4.5325 
3  43 
362 1.3784 
Signi f icance  
Level 
p < 0.01 
p < 0.01 
p < 0.01 
p < 0.01 
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B. Effects of. S t a r t l e  t o  Noise on Performance 
1. Group 1--Tracing  Task  with Sonic Booms 
Since electromyographic  start le responses  t o  booms were c l o s e l y  re- 
l a t e d  i n  t i m e  w i t h  the occurrence  of t h e  booms, i t  might be a n t i c i p a t e d  
tha t  t h e  effects of s tar t le  on t racing performance should be c o r r e l a t e d  
i n  time w i t h  t h e  s tar t le  response ,  The d a t a  show t h i s  t o  be  the  case .  
Table V I  permits comparison of t h e  TOT o b t a i n e d   u r i n g   t h e   f i r s t - h a l f  of , 
quadran t s  w i th  the  TOT obtained during the second-half  of quadran t s  of 
on ly  those  quadran t s  i n  wh ich  booms occurred .  (Booms, i t  w i l l  be  recalled,  
occurred  when t h e  s u b j e c t  had t raced  through about  ha l f  of the  quadran t .  
T h u s ,  t h e  e f f e c t  of s t a r t l e  i s  l i k e l y  t o  be seen during his  performance 
on the second half  of the  quadran t  .) The e f f e c t  o f  s ta r t le  was an  inc rease  
(from 4 .1  pe rcen t  t o  17.8 p e r c e n t )  i n  t h e  number of  t r ia ls  i n  which TOT 
was i n  t h e  0.75-1.25 second in te rva l ,  and  a d e c r e a s e  i n  t h e  number of 
t r i a l s   i n  which TOT was i n   t h e  1.26 t o  2.25 second  in t e rva l .  
Table V I  
NUMBER AND PERCENTAGE  OF TRIALS I N  WHICH TIME-ON-TRACK OF 
DIFFEREXKT  DURATIONS WERF: OBTAINED DURING BOOMS W I T H  GROUP 1 
Quadrant 
Segment 
F i r s t  
h a l f  
Second 
ha l f  
2 
X = 8.4 
Number  (N) 
and Percent  
- 
N 
% 
N 
% 
Time-on-Track In te rva l   ( seconds)  
, 3 d f ,  0.05 > p > 0.025 
That  no  sys temat ic  d i f fe rences  in  per formance  on  the  f i r s t  and  second 
ha lves   o f   quadrants   wi thout  booms occur r ing  i s  shown i n  F i g u r e  4 .  I t  i s  
s u f f i c i e n t  t o  n o t e  h e r e  t h a t  t h e  s t a r t l e  r e s p o n s e  d i d  n o t  affect  perform- 
ance  negat ive ly  dur ing  quadrants  subsequent  to  those  in  which  booms oc- 
c u r r e d ,  i . e . ,  about 2.5 seconds l a te r .  Mean performance  on t r i a l s  
16 16 
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- 
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ONLY (N = 95) - - 
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FIGURE 4 EFFECT OF  SIMULATED SONIC BOOMS ON TRACING 
PERFORMANCE DURING SPECIFIC TRIALS CONTAINING 
BOOMS 
i n  which booms occurred  dur ing  t w o  success ive  quadran t s  was analysed using 
a "f ixed effects" model of t h e  A n a l y s i s  of Variance.* The resu l t s  of t h i s  
a n a l y s i s ,  i l l u s t r a t e d  i n  F i g u r e  5 ,  i n d i c a t e  t h a t  booms o c c u r r i n g  i n  o n e  
quadrant  had l i t t l e  negat ive  e f fec t  on  per formance  dur ing  subsequent  
* Hays ( R e f .  9, pp 378-380) suggests tha t  t he  a s sumpt ions  of t h e  A n a l y s i s  
of V a r i a n c e  v i o l a t e d  i n  t h i s  case have l i t t l e  e f f e c t  upon t h e  F and t h e  
i n f e r e n c e s  made. I n  a d d i t i o n ,  t o  assume t h a t  d i f f e r e n c e s  i n  means no t  
va r i ances  were t h e  r e a s o n  f o r  t h e  s t a t i s t i c a l l y  s i g n i f i c a n t  e f f e c t ,  a n  
Fmax test  ( R e f .  10,  pp 191-195) showed s t a t i s t i c a l l y  i n s i g n i f i c a n t  d i f -  
f e r e n c e s  (Fmax = 2.598, k = 4 ,  n = 12, N. S.) between t h e  f o u r  ha l f -  
quadrant  var iances .  
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FIGURE 5 EFFECT  OF SONIC  BOOMS OCCURRING IN  THE LATTER HALF 
OF ONE QUADRANT ON PACED TRACING PERFORMANCE 
IN THE FIRST HALF OF THE SUBSEQUENT QUADRANT 
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quadrants.   If   anything,  an  improvement  in  performance i s  suggested.  
This  is n o t  u n l i k e  t h e  resul ts  of  Broadbent  (Ref.  2) , Woodhead (Refs. I f  
and 12), ando the r swhich  show tha t  immedia te ly  fo l lowing  an  in te rmi t tan t  
noise t h e r e  is a decrease in  performance and t h e n ,  f o r  a b r i e f  pe r iod  a 
subsequent improvement i n  performance. 
The s l i g h t  increase (about 8 percentage points  on t,he a v e r a g e )  i n  
t h e  number of t r i a l s  h a v i n g  r e l a t i v e l y  s h o r t  TOT (times of 0.75 t o  1.75 
seconds)  during sessions E 2 ,  E 3 ,  E 4, and E 5 without  booms compared to 
t h e  p e r c e n t a g e  o f  t r i a l s  i n  w h i c h  s i m i l a r  TOTS were obta ined  dur ing  ses- 
s i o n  E 1, s u g g e s t s  t h a t  booms have a s l i g h t  b u t  s ta t is t ical ly  i n s i g n i f i -  
c a n t  e f f e c t  on t r ac ing  pe r fo rmance  du r ing  t r i a l s  i n  wh ich  booms d i d  no t  
occur. T h i s  f i n d i n g  i s  i l l u s t r a t e d  i n  F i g u r e  5, and t h e  s ta t is t ical  
analyses are shown i n  T a b l e  V I I .  
A s ta t i s t ica l ly  s i g n i f i c a n t  e f f e c t  d u e  to s e s s i o n s  was found. Sur- 
p r i s i n g l y ,  t h e  s u b j e c t s  d i d  n o t  a d a p t  to booms, b u t ,  as was found with 
r e s p e c t  t h e  e l e c t r o m y o g r a p h i c  r e s p o n s e  ( F i g u r e  2 ) ,  t h e  s u b j e c t s  o f  g r o u p  1 
showed progressively poorer  performance between sessions E 1 and E 5. 
A small i n i t i a l  improvement in  t r ac ing  pe r fo rmance  du r ing  the  f i r s t  ses- 
s i o n  w i t h  booms (E 2)  can  be  seen  in  F igure  6 ,  b u t  t h e r e a f t e r  the group 
showed an increas ing  percentage  of  scores i n  t h e  0 . 7 5  t o  1.75 second in- 
t e r v a l ,  clearly i n d i c a t i n g  a degrada t ion  of average  performance. The 
o v e r l a p  of performance during session E 5 i n t o  t h a t  o f  s e s s i o n  E 4 and 
E 3 probably is of little importance s ince it i s  due t o  t h e  a b s e n c e  i n  
session E 5 o f  t r a c i n g  times i n  the 1.25-1.75 second i n t e r v a l ,  as is  
shown i n  Table V I I I .  Tha t  t he  e f f ec t  of t h e  s e s s i o n s  was probably due  
to booms and not  to mot iva t iona l  f ac to r s  a s soc ia t ed  wi th  p ro longed  p rac -  
t ice on a motor  task ,  w i l l  be demonstrated below by comparison of the per- 
formance of group 1 wi th  tha t  o f  g roup  2 .  
2. Grour, 2 - - T r a c i n ~  Task  Onlv 
In Group 2 no s ta t i s t ica l ly  s igni f icant  changes  in  t rac ing  per formance  
were found between sessions E 1 to E 4 ,  during which booms d i d  not occur ;  
t he  suppor t ing  s ta t is t ical  data a r e  summarized i n  T a b l e  I X .  I n  a d d i t i o n ,  
when  booms d i d  occur  du r ing  se s s ion  E 5  a s u g g e s t i v e ,  b u t  s t a t i s t i c a l l y  
i n s i g n i f i c a n t  (see Table X) decrease of TOT was noted and i s  i l l u s t r a t e d  
as t h e  l e f t - m o s t  l i n e  i n  F i g u r e  7. F i n a l l y ,  n o t e  a l s o  i n  F i g u r e  7 that  
a f t e r  four ses s ions  o f  cons i s t ing  on ly  o f  t r ac ing  trials, the  onse t  o f  
booms r e s u l t e d  i n  a s l i g h t  improvement i n  performance i n  t r ials i n  which 
t h e  boom did not  occur  (Curve labeled Session E 5 :  T rac ing  Tr i a l s  on ly ) .  
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Table VI1 
N 
0 
Sessions 
NIRABEX AND PERCENTAGE OF TRIALS IN \VHICH DIFFERENT DURATIONS OF 
TIME-ON-TRACK WERF: OBTAINED  DURING COBff3INATIOMS OF 
FIW SESSIONS WITH AND WITHOUT BOOMS WITH GRQUP 1 
Numbr (N) Time-on-Track (seconds) 3  1.26 
Tracing  task 36 41  N 
% (37.9) (43 .2) 
Tracing  task 
trials 
(26.2) (47 e 7 )  % No boom 
185 337 N 
I 
Tracing  task 
I- 
Boom  trials 
N 
% 
30 
(41.1) 
20 
(27.4) 
X 
2 
(E1 vs. [a]) = 7.120, 3 d f ,  N.S.  
16 
(16 .$) 
145 
(20.5) 
I O  
(13.7) 
1.25 - 0.75 
2 
(2. I) 
40 
(5.7) 
I3 
(17.8) 
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FIGURE 6 EFFECT  OF  SIMULATED SONIC BOOMS ON PACED TRACING 
PERFORMANCE DURING FIVE SESSIONS 
3. Boom versus No-Booms--Groum 1 and 2 
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On t h e  b a s i s  o f  t h e  e v i d e n c e  p r e s e n t e d  t o  t h i s  p o i n t ,  it a p p e a r s  t h a t  
s o n i c  booms r e s u l t e d  in  e l ec t romyograph ic  s tar t le  responses which progres- 
s i v e l y  increased  in  ampl i tude  throughout  the  four  test s e s s i o n s ,  and t h a t  
degrada t ion  of  t rac ing  per formame was related to  i n c r e a s e s  i n  s t a r t l e  
r e sponse  ampl i tudes .  Tha t  sk i l l  l eve l  on t h e  t a s k  d i d  l i t t l e  t o  al ter 
t h e  e f f e c t s  of muscular  tension responses  on the t a s k  is i l l u s t r a t e d   i n  
F igure  8 ,  which compares the performance of Groups 1 and 2 d u r i n g  t h e  
s e s s i o n  i n  which booms were f i r s t  h e a r d .  (Each subjec t  of  Group 2 p r a c t i c e d  
t h e  t a s k  d u r i n g  s e s s i o n  E 2 t o  E 4 ,  and t h u s  had 256 more p r a c t i c e  t r i a l s  
t h a n  t h e  s u b j e c t s  o f  Group 1 b e f o r e  h e a r i n g  t h e  f i r s t  boom dur ing  
I 21 
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Table VI11 
NUMBER AND PERCENTAGE OF TRIALS  IN  WHICH  DIFFERENT  DURATIONS OF 
TIME-ON-TRACK \YERE OBTAINED  URING  FIVE  SESSIONS  WITH GROUP 1 
1 I I 
Number  (N) 
and Percent 
Time-on-Track 
2.25 - 1.76 Interval  (seconds) 1.75 - 1.26 1.25 - 0.75 
16 
(2 .I) (16.8) 
2 
2 
(0.0) (10.5) 
0 
5 
(11.1) (27.8) 
2 
Condition 
Tracing task 
Tracing task 
Boom t r i a l s  
Tracing task 
+ 
Boom t r i a l s  
+ 
Tracing task 
+ 
Boom t r i a l s  
Tracing task 
+ 
Boom t r i a l s  
Session 
E l  
E 2  
E 3  
E 4  
E 5  
2.50 - 2.26 
N 
% 
36 
(37,9) 
N 
% 
12 
(63  .2) 
5 
(26.3) 
N 
% 
9 
(50 .O) 
2 
(11.1) 
~ 
3 
(27.8) (16.7) 
5 N 
% 
4 
(22.2) 
6 
(33.3) 
N 
% 
5 
(27.8) 
7 
(38.9) 
2 
X = 37.697, 4 df, p < 0.001 
Table IX 
NUMBER AND PERCENTAGE OF TRIALS  IN  WHICH  TIME ON TRACK OF DIFFEREWT 
DURATIONS WERF: OBTAINED  ,DURING  SESSIONS E 1 TO E 4 WITH GROUP 2 
~ 
Number  (N) Time-on-Track I-ntervals  (seconds) 
Session 1.25 - 8.76 1.75 - 1.26  2.25. - 1.76  2.50 - 2.26 and Percent Condition 
E l  5 16 84 87 N Tracing task 
% (2  06) (8 *3) (43.8) . " (54.3) 
E 2  4 19 78 91 N Tracing task 
% (2  01) (9.9) (40.6)  (47.4) 
E 3  1 22 78  91 N Tracing task 
% (0.5) (11.5) (40.6) (47.4) 
E 4  1 29 89 86 N Tracing task 
% (0 5) (14.1) (43.4)  (42 .O) 
2 
X = 9.206, 9 d0, N . S .  
Table X 
NUMBER AND PERCENTAGE  OF  TRIALS I N  WHICH TIME-ON-TRACK OF 
DIFFERENT  DURATIONS WERE OBTAINED DURING SESSIONS WITH 
AMD WITHOUT SONIC BOOMS WITH GROUP 2 
Session 
E 3 , E 4  
Tracing task E 1, E 2 ,  
Condition - 
E 5  Tracing task 
+ 
Boom t r i a l s  
Number  (N) 
and Percent 2.50 - 2.26 2.25 - 1.76 I Time-on-Track 
329 
(45.5)  (42.1) 
Intervals   (se  
1.75 - 1.26 
2 
(11.8) 
onds) 
1.25 - 0.76 
1 
(5 9) 
2 
X = 5.093,  3 df, N.S. 
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FIGURE 7 EFFECT  OF  SIMULATED SONIC BOOMS ON PERFORMANCE 
ON A WELL PRACTICED TRACING TASK 
s e s s i o n  E 5.) It can  be  seen  tha t  the e f f e c t  of s tar t le  to booms is  rela- 
t i v e l y  small ( the  median TOT of Group  2 decreased about 0.25 second, and 
t h a t  of Group 1 about 0.06 second)  and s t a t i s t i c a l l y  i n s i g n i f i c a n t  (see 
Table X I ) .  Note, however, t h a t  the e f f e c t ,  r e g a r d l e s s  of i t s  s ta t is t ical  
s i g n i f i c a n c e ,  a p p e a r s  t o  be  g rea t e r  on t h e  well p r a c t i c e d  t a s k ,  and re- 
l a t e d  to the magnitude of the muscular s tar t le  response:  Group  2  showed 
an average electromyographic response of about 5.3 u n i t s  t o  booms dur ing  
s e s s i o n  E 5, whi le  Group 1 showed an average response of about 3.5 units 
t o  booms dur ing  se s s ion  E 2 (see F igure  2 ) .  
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FIGURE 8 EFFECT OF SIMULATED SONIC BOOMS ON THE PERFORMANCE OF  A 
PACED TRACING TASK WITH DIFFERENT AMOUNTS OF PRACTICE 
4. GrouR 4"Tracina Task with Flvover Noise 
Group 4 had r e l a t i v e l y  small EMG increases  (an average of  1.3 u n i t s )  
t o  f lyove r  no i se s  du r ing  se s s ion  E 2 t o  E 5 compared, f o r  example, t o  t h e  
responses of group 1 t o  booms (an  average  of 3.8 u n i t s ) .  I n  l i g h t  of t h i s  
r e l a t i v e l y  small s tar t le  response ,  it might  be ant ic ipated that  t h e  f l y o v e r  
no i se  would  have l i t t l e  e f f e c t  on the  t racing performance of  group 4.  In- 
deed, group 4  showed s t a t i s t i c a l l y  i n s i g n i f i c a n t  c h a n g e s  i n  t r a c i n g  p e r -  
formance during session E 1 wi thout  f lyover  noise  compared t o  t h e  trials 
with n o i s e  of s e s s i o n s  E 2 t o  E 5, a s  is demonst ra ted  in  Table  XII.  In 
Figure 9 the performance of group 4 d u r i n g  s e s s i o n  E 1 and s e s s i o n s  E 2 
to E 5, dur ing  trials w i t h  and wi thout  f l y o v e r  n o i s e ,  are p l o t t e d  t o  
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Table X I  
! 
I 
i 
: !  
i 
L i  
- 1  
NUhIBER AND PERCENTAGE  OF TRIALS I N  WHICH DIFFEmNT DURATIONS OF 
TIME-ON-TRACK \ERE OBTAINED DURING SESSIONS I N  WHICH BOOMS 
\YERE FIRST PRESENTED TO GROUPS 1 AND 2 
Number  (N) Time-on-Track In te rva l   ( seconds)  
Group 1.25 - 0.75 1.75 - 1.26 2.25 - 1.76  2.50 - 2.26 and Percent  Condition Session 
1* 4 10 31  122 N Tracing E 2  
tr ials (2.4 (6 e o )  (18.6) (73.1) . %  
E 2  0 2 5 12 N Tracing + 
Boom trials (0 .O) (10.5)  (26.3) (63.2) % 
2t 0 17 75 84 N Tracing E 5  
tr ials . (0 .O) (9.6) (42.6)  (47.7) % 
E 5  1 2 10 4 N Tracing .t 
Boom t r ia l s  (5.9) (11.8)  (58.8) (23  .5) % 
L 
2 * X = 1.693, 3 d f ,  N.S. 
t X2 = 3.016, 3 d f ,  N. S.--Hays ( 9 ,  pp 592-7, and R e f .  10 10, p 107) i n d i c a t e s  t h a t ,  i n  cases of more 
than  2 degrees of freedom, a maximum of 20 percent  of  the cel ls  can have expected frequencies of about 
one  wi thou t  s ign i f i can t  e f f ec t  upon t h e  computed  Chi-square. In  t h i s  s t u d y  when t h i k  r u l e  was not 
met, ra ther  than combining TOT i n t e r v a l s ,  the Chi-square was computed without regard t o  t h e  cells  
with expected frequencies  of  less than  one ,  bu t  t he  Ch i - squa re  s ign i f i cance  t ab le  was en te red  wi th  the  
i n i t i a l  degree of  f reedom, Effect ively it is  assumed tha t  t he  expec ted  and observed frequencies  in  
t h e  cells i n  q u e s t i o n  were ze ro .  The result of t h i s  p rocedure  i s  t h a t  a larger computer Chi-square 
value i s  r e q u i r e d  t o  a t t a i n  a g iven  l eve l  o f  s ign i f i cance  than  would be t h e  case i f  t h e  TOT i n t e r v a l s  
were combined  and t h e  s i g n i f i c a n c e  t a b l e  e n t e r e d  w i t h  t h e  r e s u l t a n t  r e d u c e d  number of degrees  of 
freedom, 
Table X I 1  
NUMBER AND PERCENTAGE OF TRIALS IN. WHICH DIFFERENT  DURATIONS OF 
TIME-ON-TRACK \YERE OBTAINED DURING FIVE  SESSIONS WITH GROUP 4 
Number  (N) Time-on-Track In te rva ls  (seconds) 
Session 2.50 - 1.51* 3.50 - 2.51 4.50 - 3.51 5.00 - 4.51 and percent Condition 
E l  0 10 47 39 N Trac ing  task  
% (0 .O) (10.4) (49.0) (40.6) 
E 2  0 1 10 7 N Trac ing  task  + 
Flyover t r ials (0 .O) (5.6) (55.6) (39.0) % 
E 3  0 5 7 6 N Trac ing  task  + 
Flyover t r ials (0 .O) (27.8) (39 .O) (33.3) % 
E 4  0 0 9 9 N Trac ing  task  + 
Flyover t r ials (0 .O) (0 .O) (50 .O) (50 .O) % - 
E 5  0 22 12 4 N Trac ing  task  + 
Flyover t r ia ls  (0 .O) (11.1) (66.7) (22.2) % 
-.-. " 
2 
X = 10.897, 12 d f ,  N.S. 
* See  note a t  the  bottom of Table X I .  
- FLYOVER  INTENSITY: 
126 PNdB (rnmured outdoors) 
GROUP 4 
SESSIONS €2, 3, 4, 5: 
i ~ 
0 
TRACING  AND  FLYOVER 
NOISE TRIALS 
(Mm72) 
CIRCLES: 
GROUP 4 
SESSIONS Ea, 3, 4, 5: 
TRACING TRIAIS 
(N=72) 
GROUP 4 
SESSION E l :  
TRACING TRIALS 
(N=SS) 
TIME ON CORRECT TRACK 
Displayed ot Midpoint of Intern1 
FIGURE 9 EFFECT OF SUBSONIC  JET FLYOVER NOISE 
ON A PACED TRACING TASK 
i l lus t ra te  t h e  small changes  in  TOT observed. It i s  clear f r o m  t h e  f i g u r e  
t h a t  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  are u n l i k e l y  t o  be  found.  That 
such was t h e  case is shown i n  Table X I I I .  
5.  Booms Versus Flyover--Groups 1 and 4 
I n  c o n t r a s t  t o  the d e t r i m e n t a l  e f f e c t  of s o n i c  booms on t r a c i n g  per- 
formance,   f lyovers   did  not   degrade  t racing  performance.   Figure 10 i l l u s -  
trates t h e  r e l a t i v e  e f f e c t s  of booms and f l y o v e r s  on TOT dur ing  t h e  spec i -  
f i c  trials c o n t a i n i n g  t h e  s t i m u l i  as compared t o  trials i n  t h e  same s e s s i o n s  
which  did not con ta in  no i se .  C lea r ly ,  f l yove r s  had l i t t l e  e f f e c t  on 
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Table XI11 
NUMBER AND PERCENTAGE  OF TRIALS I N  WHICH DIFFERENT  DURATIONS  OF 
TIME-ON-TRACK  WERE  OBTAINED DURING COMBINATIONS  OF FIVE  SESSIONS WITH 
AND WITHOUT FLYOVER  NOISE WITH GROUP 4 
N u m b e r  (N) Time-on-Track Intervals   (seconds)  
Session 2.50 - 1.51* 3.50 - 2.51  4.50 - 3.51 5.00 - 4.51 and Percsnt  Condi ti on 
E l  0 10 47 39 N Trac ing  task  
% (0 .O) (10.4)  (49.0) (40.6) 
E 2 ,  E 3 ,  
(0 .O) (13.9)  (48.6)  (37.5) % No f 1 yover E 4 , E 5  
0 10 35 27 N Trac ing  task  
noise t r i a l s  
E 2 ,  E 3 ,  
(0 .O) (11.1) (52.8)  (36.1) % + Flyover E 4 , E 5  
0 8 38 26 N Trac ing  task  
noise  trials 
2 
X = 0.849, 6 d f ,  N.S. 
* See note a t  bottom of Table X I .  
n 
1 I 
BOOM INTENSITY:  2.5 psf ( m u r e d  outdoors) - DURATION:  270 rns 
EFFECTIVE  RISE  TIME:  10 rns 
3 
- FLYOVER  INTENSITY: 125 PNdB ~m88sur;ed outdoors) - 
DURATION: 5 sec (intensity peaked at 2.5 sed  
GROUP 1 
SESSIONS E2, 3, 4, 5 \ - 
TRACING AND 
BOOM TRIALS - (N=73) 
GROUP 4 
SESSIONS E2, 3, 4, 5 
TRACING  AND 
- GROUP 4 - 
GROUP 1 SESSIONS  E2, 3, 4, 5 
TRACING ONLY 
(N=72) - 
I 
W b 
0.0 0.75 
1.50 
1.25  1.75 2.25 2.50 (Group 1) 
2.50  3.50 4.50  5.00 (Group 4) 
TIME ON CORRECT TRACK 
Displayed at Midpoint of Interval 
FIGURE 10 EFFECT OF SIMULATED SONIC  BOOMS AND SUBSONIC 
JET FLYOVER NOISE ON A PACED TRACING TASK 
performance (see Table XIII), whi le  booms p r imar i ly  r e s u l t e d  i n  an  increase  
of t h e  number of trials i n  which TOTs of 0.75 to 1.25 were obta ined .  
With respect t o  performance during session E 1, t h e  r e s u l t s  were 
e s s e n t i a l l y  t h e  same f o r  Group 4 s i n c e  no d i f f e r e n c e s  were found between 
s e s s i o n  E 1 and E 2 ,  E 3, E 4,  and E 5 (see Figure  9). However, f o r  
group 1, comparing the TOTs on boom trials d u r i n g  s e s s i o n s  E 2 ,  E 3, E 4,  
and E 5 wi th  those  ob ta ined  du r ing  se s s ion  E 1 (no boom trials) makes t h e  
e f f e c t  of booms more apparent  s ince  dur ing  sess ion  E,l on ly  2 .1  pe rcen t  
of t he  ob ta ined  TOTs were i n  the 0.75 t o  1 .25  second in te rva l  (see Fig- 
ure  6 and Table V I I )  . 
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I V  DISCUSSION 
The f i n d i n g  t h a t  s o n i c  booms r e s u l t e d  i n  b o t h  a n , e l e c t r o m y o g r a p h i c  
start le response and a decrement in  t r ac ing  pe r fo rmance  may seem incon- 
s i s t e n t  w i t h  t h e  n e g l i g i b l e  e f f e c t s  of the subsonic  jet  f l y o v e r  n o i s e .  
Two explana t ions   sugges t   themselves :  (1) the s l o w e r   i n c r e a s e   i n   l e v e l  
of t h e  a i r c r a f t  n o i s e  compared to  t h e  s o n i c  boom caused less of a s tar t le  
r e s p o n s e  i n  the s u b j e c t s  and t h e r e f o r e  had less of an effect on muscle 
tension or performance; and (2) t h e  v i b r a t i o n  o f  t h e  test room by t h e  
s o n i c  boom caused t h e  test subjects t o  shake somewhat, t he reby  caus ing  
s l i g h t  a d j u s t m e n t s  i n  muscle a c t i v i t y .  (This e f f e c t   c o u l d ,   o f  course, 
be  en t i re ly  normal  mechanica l -body in te rac t ions  and i n  no way involve  
any psychological  or phys io log ica l  startle responses . )  
I n  a d d i t i o n  t o  a u d i b l e  and subaudible components (the frequency 
spectrum of booms peaks a t  about 5 Hz) ,  sonic  booms produce a p e r c e p t i b l e  
shaking  of the f l o o r s  of the room. The shaking has  peak a c c e l e r a t i o n s  of 
about 0.25 g and a frequency of about  3 Hz ( R e f .  l), which is nea r  the 
4 Hz v ib ra t ion  f r equency  r epor t ed  by  C l a r k ,  e t  a l .  (Ref 13) as the  pre- 
dominant body resonance frequency, as well as being near one of t w o  fre- 
quencies  at which people appear least t o l e r a n t  of v i b r a t i o n  (Ref 14.). 
Thus, the  electromyographic  start le response t o  booms might  s imply  re f lec t  
a response  (voluntary  or i nvo lun ta ry )  on the p a r t  of the subjects t o  the 
v i b r a t i o n  a s s o c i a t e d  wi th  the booms.  Hence,  Group 3, which was not engaged 
i n  the t r a c i n g  task b u t  s imply read,  responded t o  the booms wi th  s t a r t l e  
responses  of  increasing ampli tude during the  f o u r  s e s s ions  in  wh ich  booms 
were presented .  It  is  important  t o  n o t e  i n  t h i s  regard tha t  Group 3, 
which could not  d i scr imina te  be tween "rest" and "performance" periods, 
r e sponded  s imi l a r ly  in  these p e r i o d s .  I n  c o n t r a s t ,  Group 1, which heard 
booms and performed the  t r a c i n g  task and w a s  aware of the rest pe r iods ,  
showed more v a r i a b i l i t y  i n  r e s p o n s e  t o  booms dur ing  the rest periods than  
during performance when engagement w i th  the t r a c i n g  task requi red  cont in-  
uous e f f o r t  t o  coun te rac t  the  e f f e c t s  of booms. 
I t  should be noted tha t  the EMG response  as  measured i n  t h i s  s tudy  
i s  a r e l a t i v e  o n e ,  b e i n g  the difference between the l e v e l s  before and 
dur ing  s t i m u l i  o r ,  for  the non s t imu la t ed  group, brief periods correspond- 
i n g  t o  p r e -  and post-s t imulus per iods.  I t  i s  e n t i r e l y  p o s s i b l e  tha t  the 
g e n e r a l  i n c r e a s e  i n  EMG n o t e d  p a r t i c u l a r l y  i n  the  boom groups from s e s s i o n  
1 th rough sess ion  5 was due t o  the subjec t ' s  becoming more r e l axed  and 
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hav ing  lower  r e s t ing  EMG l e v e l s ;  i .e . ,  the abso lu te  muscu la r  t ens ion  t o  
t h e  booms due t o  v i b r a t i o n  d i d  not  change  f rom the  f i r s t  t o  t h e  last  
s e s s i o n ,  b u t  r a t h e r  t h e  g e n e r a l  (pre-boom) l e v e l  of muscle t e n s i o n  i n  
t h e  s u b j e c t s  t o  t h e  test  s i t u a t i o n  d e c l i n e d  i n  s u c c e s s i v e  test s e s s i o n s .  
I t  is unfo r tuna te  tbat t h e  measurement technique used i n  t h i s  s t u d y  d i d  
no t  permit measurement of t he  absolute level of background muscular poten- 
tials s i n c e ,  i f  the exp lana t ion  i s  c o r r e c t ,  it would  be hypothes ized  tha t  
t h e  p o t e n t i a l s  of group 1 would be higher  than those of group 3. 
C l e a r l y ,  f i n a l  s p e c i f i c a t i o n  of the r e l a t i v e  c o n t r i b u t i o n s  o f  the 
v i b r a t o r y  and acoust ic  components  of  sonic  booms t o  c h a n g e s  i n  s t a r t l e ,  
as measured electromyographically,  and t o  changes in psychomoter per- 
formance, must await fur ther  exper imenta l  ev idence .  
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V CONCLUSIONS 
The periodic presence of subsonic  jet a i rcraf t  f l y o v e r  n o i s e  a t  a 
l e v e l  of 100 PNdB had  no  s igni f icant  effect on skeletal muscle  tension 
or on the time-on-track of a w e l l  p r ac t i ced ,  paced  v i sua l  t r ac ing  task .  
The periodic presence of the n o i s e  and v i b r a t i o n  i n d o o r s  from a 
s imula ted  sonic  boom of an  ou tdoor  in t ens i ty  of 2.5 psf caused a s i g n i f i -  
c a n t  i n c r e a s e  i n  s k e l e t a l  m u s c l e  t e n s i o n  and a decrease i n  t he  accuracy 
of t r a c i n g ,  The  number of short- t ime on-track periods was increased  rela- 
t i v e  t o  the  number of long-time on-track periods. 
I t  i s  s u g g e s t e d  t h a t  the effects noted fo r  the  s imula ted  sonic  boom 
cond i t ions  may have been d u e  t o  mechan ica l  v ib ra t ions  of t h e  body i n  re- 
sponse t o  f loor vibrat ions caused by the  booms and no t  t he  r e s u l t  of 
phys io log ica l  or psychologica l  s tar t le  responses .  
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